Objectives The objective of this study was to investigate survival of ovarian cancer patients with BRCA1 and BRCA2 mutations compared to those without mutations in a population-based sample of incident epithelial ovarian cancer cases. Methods Follow-up for vital status was performed on a population-based sample of 232 women with incident epithelial ovarian cancer recruited between December 13, 2000 and September 30, 2003 in the Tampa Bay area. Survival analysis using Cox regression was performed on (1) all 232 cases and (2) the 209 invasive epithelial ovarian cancer cases. Results of the two analyses were similar, thus data involving the 209 invasive epithelial cancer cases are presented, as this was judged to be more clinically relevant. Results In the multivariate analysis, BRCA status and stage were statistically significant, and were adjusted for in the survival analysis model. The Kaplan-Meier method estimated expected survival at 4 years of 83% of BRCA2 carriers compared to 37% of BRCA1 carriers and 12% of non-carriers. There was a statistically significant difference between BRCA2 carriers and non-carriers (p = 0.013). No statistically significant survival differences were seen for BRCA1 carriers when compared with either BRCA2 carriers or non-carriers. Conclusion These data suggest that BRCA2 mutation carriers with ovarian cancer may have better survival than BRCA1 carriers and non-carriers. The etiology of this possible survival advantage is currently unknown. Larger studies are needed to confirm these results and to clarify their etiology and clinical significance.
Introduction
Approximately 5-14% of invasive ovarian cancers are believed to be due to hereditary susceptibility [1] [2] [3] , of which mutations in the BRCA1 and BRCA2 genes account for the majority [4, 5] . The lifetime risk of developing ovarian cancer in BRCA1 and BRCA2 carriers is 28-44% [1, 2, 6, 7] . Estimates of the frequency of BRCA1 and BRCA2 germline mutations in ovarian cancer patients have ranged between 2-12% and 2-6% for BRCA1 and BRCA2 mutations, respectively [2, 3, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] .
Ovarian cancer has the highest mortality rate among gynecologic cancers, with more than two thirds of patients presenting with late-stage metastatic disease at initial diagnosis and a 5-year survival rate of only 20-30% [23] [24] [25] [26] [27] . Conversely, at early stages, the long-term survival rate approaches 90% [28] .
It has been hypothesized that ovarian cancer patients with BRCA mutations may have improved survival compared to those without mutations [29] , possibly due to earlier age of onset in BRCA1 carriers and better response to platinum-based chemotherapy [30] [31] [32] with longer periods of remission [29] . Most [29, [33] [34] [35] [36] [37] , but not all [38, 39] , of the studies conducted to date suggest a survival advantage, however all studies where stage information is available are inclusive of a disproportionate number of late-stage cases. Furthermore, these studies have been based on retrospective cases and none have been population-based. We investigated survival in a population-based sample of 232 incident epithelial ovarian cancer cases, including 32 BRCA mutation carriers.
Materials and methods

Subjects
Patients in the current investigation included subjects ascertained through The Tampa Bay Ovarian Cancer Study (TBOCS), a population-based study of newly diagnosed patients with incident epithelial ovarian cancer in the Tampa Bay area. Further details about study design, population, and data collection methods have been published previously [3] . Briefly, study participants were from a heavily populated two-county region of west central Florida, with a population in excess of two million. The study was approved by the institutional review board of the University of South Florida.
Cases were women aged 18-80 with histologically confirmed epithelial ovarian cancer diagnosed between December 13, 2000 and September 30, 2003 . Clinical stage was determined according to the International Federation of Gynecologists and Obstetricians criteria [40] and histological subtype was evaluated according to the World Health Organization classification [41] .
Of the 362 cases of epithelial ovarian cancer identified through the state registry data, 232 agreed to participate (i.e., case participation rate of 64%). The distribution of TBOCS cases by race and ethnicity was similar to the distribution of cancer cases in the catchment area. The distribution of histologic subtypes and stage was also similar to that seen in the general population. Of the 232 women enrolled in the TBOCS study, 32 had mutations in BRCA1 or BRCA2: 20 in BRCA1 and 12 in BRCA2. Of the 23 women with borderline ovarian tumors, none had BRCA1 or BRCA2 mutations.
Methods
The date of initial surgery was used as the starting date of observation. Survival time was calculated as the months from that date to the date of death or the date last contact for which the patient was known to be alive. In the latter case, survival time was censored as of that date. Demographic information, including date of birth and social security numbers of study participants were used to search the National Death Index (NDI) to obtain vital status on study subjects. Additionally, in an effort to compile the most current information available, local hospital cancer registries and medical offices were contacted. Date of last contact was recorded as the last date found in the patient's medical chart. Date of death was recorded from the medical record, including day, month, and year of death. When searching the NDI for vital status, only year of death was recorded; thus, for the purposes of analysis, when more accurate medical record information was not available, date of death was defined as July 1 of the year of death. This occurred four times.
Statistical analysis
Descriptive statistics were generated for continuous and categorical variables. The chi-square test was used to compare frequencies. The Cox regression analysis was used to assess the association of various factors to survival using both univariate and multivariate analyses. The Kaplan-Meier method was used to estimate overall survival over time, and the log-rank test was used to compare the survival curves. Asymptotic pvalues were calculated, and statistical significance was defined as a two-sided p-value less than 0.05. SAS Ò statistical software (version 9.1) was used.
BRCA1 and BRCA2 analysis
Lymphocyte DNA was extracted from whole blood by standard procedures. All samples were analyzed for BRCA1 and BRCA2 through full gene sequencing and rearrangement testing per published protocol [42] through Myriad Genetics Laboratories Inc. This analysis identifies gene mutations in all of the known protein coding sequences and additional adjacent areas in the genes and detects approximately 90-95% of mutations in BRCA1 and BRCA2. The samples were also analyzed for the presence of five BRCA1 genomic rearrangements using recombination-specific PCR using primers specific for the normal gene as well as for the rearrangement, including: a 3.8-kb deletion of exon 13 and a 510-bp deletion of exon 22 described in individuals of Dutch ancestry [43] , a 6-kb duplication of exon 13 described in individuals of European (particularly British) ancestry [44, 45] , a 7.1-kb deletion of exons 8 and 9 described in individuals of European ancestry [46] , and a 26-kb deletion of exons 14-20 [47] .
Results
As described previously [3] , of the 232 TBOCS cases, 209 were diagnosed with invasive cancer and 23 were diagnosed with borderline tumors. The average age at diagnosis was 53 years among BRCA1 carriers (n = 20 women), 58 years among BRCA2 carriers (n = 12 women), and 57 years among women with invasive sporadic tumors (n = 177). The distribution of histologic subtypes and stage of the TBOCS patients is shown in Table 1 . The Wilcoxon rank sum test was performed to evaluate the association between stage and BRCA status, however the results were insignificant (p = 0.29).
Survival analysis using Cox regression was initially performed on all 232 TBOCS cases (data not shown) and subsequently performed including only the 209 invasive epithelial ovarian cancer cases. Results of these two analyses were similar, thus results involving the 209 invasive epithelial cancer cases are shown, as this was judged to be more clinically relevant. Total observation time for all subjects was 4,083 months, with a median of 18.42 months. Variables examined in the univariate Cox regression analysis were age at diagnosis, BRCA status, grade, stage (early vs. late), and histologic subtype (serous vs. non-serous). Statistically significant associations with survival were found for age at diagnosis (p = 0.040), BRCA status (p = 0.009), and stage (p = 0.009). Variables identified as statistically significant in the univariate model were included in the multivariate analysis. In the multivariate analysis, the association of age at diagnosis with survival lost statistical significance, however BRCA status and stage remained statistically significant ( Table 2) .
The Kaplan-Meier method was used to estimate the survival probabilities over time. Results showed estimated 4-year survival of 83% of BRCA2 carriers compared to 37% of BRCA1 carriers and 12% of noncarriers (Table 3 and Fig. 1 ). There was a statistically significant difference between BRCA2 carriers and non-carriers (p = 0.013), however no statistically significant survival differences were seen for BRCA1 carriers when compared with both BRCA2 carriers (p = 0.355) and non-carriers (p = 0.174). The KaplanMeier curve was also plotted using 95% Hall-Wellner confidence bands for survivorship (Fig. 2) . 
Discussion
Our study represents the first report of a populationbased sample of incident epithelial ovarian cancer cases stratified by BRCA status, suggesting greater generalizability of our results. Furthermore, all previously published studies reporting a survival advantage in BRCA carriers [29, [33] [34] [35] [36] 48] have been based predominantly on advanced stage cases, whereas our study is the first with a stage distribution similar to that seen in the general population, thus enhancing relevance to all women with BRCA-associated ovarian cancer. Moreover, the two previously published studies that reported no survival difference between BRCA carriers and non-carriers [38, 39] examined cases without stratifying for stage, which is currently the strongest prognostic variable in invasive epithelial ovarian cancer. Among the few previous studies reporting a survival advantage were those based on specific population groups, including three studies in Ashkenazi Jewish women [29, 34, 35] , and one study in Japanese women [33] , limiting generalizability of the results to the US population. Two of the previous studies reporting a survival advantage investigated BRCA1 mutations only [33, 37] , and found a survival advantage in BRCA1 carriers compared to sporadic cases, contrary to the findings of the current study. The study by Buller et al. [36] was based on familial cases, and was performed prior to the discovery of the BRCA1 and BRCA2 genes. Thus, the proportion of cases with BRCA mutations was unknown.
All studies to date investigating both the BRCA1 and BRCA2 genes and reporting a survival advantage have been performed in the Ashkenazi Jewish population [29, 34, 35] , and have included testing of the three Jewish founder mutations only. Boyd et al. [35] reported that BRCA1-linked cases survived significantly longer than sporadic cases (p = 0.008), and although BRCA2-linked cases displayed a trend toward longer survival, this difference did not achieve statistical significance (p = 0.09). Ben David et al. [34] reported no significant survival differences between women with BRCA1 and BRCA2 mutations. Cass et al. [29] did not specifically report survival differences (14) 100 (12) 88 (111) Log-rank p-value = 0.019 2 74 (7) 83 (8) 61 (57) 3 74 (2) 83 (4) 43 (28) 4 37 (1) 83 (1) 12 (3) Fig. 1 Kaplan-Meier estimates of survival by BRCA1 carriers vs. BRCA2 carriers vs. non-carriers between BRCA1 and BRCA2 carriers, however they examined disease-free intervals between BRCA2 and BRCA1 carriers, and found that BRCA2 carriers had a longer disease-free interval (57 months vs. 40 months), which may imply improved survival in BRCA2 carriers. Findings in the current study differed in that BRCA2 carriers, but not BRCA1 carriers, had improved survival compared to non-carriers. Possible reasons for this difference include the populationbased ascertainment in this study, with a stage distribution that was different from previously published studies. Specifically, our study was representative of the stage distribution of ovarian cancer cases in the general population, and not heavily weighted on advanced stage cases, as was the case in all previous studies reported to date. As suggested by Boyd et al. [35] , the improved survival seen in BRCA2 carriers with ovarian cancer may be due to intrinsic factors within the tumor leading to more indolent clinical behavior. Alternatively, more favorable response to chemotherapy in BRCA2 carriers may be a factor in their longer survival times. Cass et al. reported a better response to platinum-based chemotherapy in BRCA mutation carriers compared to patients with sporadic ovarian cancer and suggested that in vitro chemoresistance was a better predictor of tumor response in BRCA mutation carriers than noncarriers [29] . The etiology of the increased chemosensitivity of BRCA-associated ovarian cancers may be related to the inability of BRCA-deficient cells to repair DNA damage [30] [31] [32] . Another hypothesis to explain better survival in BRCA mutation carriers is the younger age at diagnosis for BRCA1 carriers. However, in the current study, this variable was not found to be statistically significant (p = 0.207). This is not a surprising finding as the improved survival was seen in BRCA2 carriers, who are diagnosed with ovarian cancer at similar ages as the general population, compared with BRCA1 carriers, who are diagnosed with ovarian cancer approximately 10 years earlier than women in the general population [2] .
The current study represents the first report based on population-based case ascertainment of incident epithelial ovarian cancer cases. This study design avoids two common sources of bias. Firstly, rapid ascertainment and inclusion of incident cases ensures no preferential inclusion of cases that survive longer. Secondly, the cases (including both BRCA carriers and non-carriers) in the current study were ascertained from seven gynecologic oncologists who are known to share similar practices for ovarian cancer treatment.
Such treatment consists of primary cytoreductive surgery followed by chemotherapy. Thus, it does not seem likely that the form of treatment contributed to differences in length of survival between BRCA carriers and non-carriers.
Limitations of the study included a small sample size, with limited statistical power to detect survival differences between carriers and non-carriers. Study results need to be interpreted with caution due to the limited median follow-up time of 18 months and the relatively small sample size of BRCA mutation carriers. Thus, confirmation of study findings through a larger study with longer survival times is necessary to verify our observations. Another limitation was the inability to find the exact cause of death for some deceased patients. For example, for patients determined to be deceased based on information from the NDI, no information about cause of death was available. Thus, in these cases, we were unable to determine whether these patients died of ovarian cancer, or if they died of other causes.
The findings in the current study of improved survival in BRCA2 carriers require confirmation in a larger study, ideally with a similar study design based on incident population-based cases. Future studies investigating whether there is an improved response to platinumbased chemotherapy in BRCA carriers than non-carriers is indicated [29] . To that end, we are in the process of extracting treatment response data in the current study population of BRCA carriers and non-carriers.
Clinical implications of findings, if confirmed, include the addition of BRCA mutation status as a prognostic factor in patients diagnosed with ovarian cancer. Additionally, future treatment implications for BRCA mutation carriers with ovarian cancer might include recommendations regarding platinum-based chemotherapy, even at early stages of disease.
In summary, BRCA2 mutation carriers with ovarian cancer appear to have better survival than BRCA1 carriers and non-carriers. The etiology of this survival advantage is currently unknown. Larger studies are needed to confirm our results and to clarify the clinical significance and etiology of our findings.
